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o^cients at different PN seeds used by a plurality 
oxatched filter to generate coefficients at 

It^anocherobiecrof P ^ .bicb on acquire the 

.Cuinns n.ulu.u«r sis^al sy.ch«>ui««o» m . CDMA 

. u obiecofthe present invenaontoprovae a. apparatus an 
I., another object oft p . , cDMA '"d- - "^'^'"^ 

,„r aculrin, a>ulti-u.er 3^.— anon « a CDMA ^ 



(multiple users). 

... .o. ^cH.^- - - • 

pU of CPM. - "^^^^ 

, ,• , CDMA tnm5nu««s«>cl.synd.romz«im the m«cbedfiter. 
signals of the plunUcy of CDMA tr>nsmi 

1 « these obi=»mwhoU or in parts, there .s provided a 
To farther achieve at least these oDieeis 
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In >adi«on, ,o achi^v. 1«« th«c objeos i„ .hole or in pans, .here is provided 
. n.ed.od for acuirin, n^^d-user «gnal synchroni^tion in a CDMA s^:n. which 
includes a fi« srep o, .onn, PN seeds .hich are e^ » PN seeds nsed in a pluralir, 
of CDMA ™aer. a second seep of ^nerauns a tap coefficient correspondmg « *e 
plurality of sror=dPNseedsa=dupdadngxhesa»earacertainintervali.a£ra»cper.od; 

,nd a rhird step of ac,uiri.8 signal synchronisation o, the pWity of CDMA 
• one frame by m«ms of matched filtering using signals from the CDMA 
iransmitters m one irame oj iHc««i. 

transminers and the updared wp coefficient. 

J ^-or,,rM of the invention will be set forth m 
Additional advantages, objects, and features ot the inven 

p^^ in the description which follows and in panwill become apparent to dxosehavin, 

ordinary sldll in the art upon e.an^don of the foUown^g or .a. be learned fro. 

• T1,.obiects and advantages of the invemion mar be realized 
practice of the invenuon. The ob)ects ana aa s 

and attained as particularly pointed out in the appended claims. 

^^g^^^r- pIP^noN O F T H T DR AWi S S 
TheinventionwillbedescribedindetailwithreferencetothefoUov^gdrawings 

„ which like reference numerals refer to like elements wherein: 

HgurelUablockdiagrammustrating the construction ofarelated art apparatus 

for acquiring multiuser signal synehroni^tion in a CDMA system^ 
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Figure 2 is a block diagram iUustrating the construction of an apparatus for 
acquiring multi-user signal synchronization in a CDMA system in accordance with a 
preferred embodiment of the present invention; 

Figure 3 is a block diagram iUustrating the construction of a single matched filter 

of Figure 2; 

Figure 4 is a view illustrating the structure of a frame of a multi-user signal in 
accordance with a preferred embodiment of the present invention; and 

Figure 5 is a flow chart illustrating a method for acquiring multi^user signal 
synchronization in a single matched filter in accordance with a preferred embodiment of 
che present invention. 

P^T:" ''^ np.lf-.BTT.-nO'>' '^^ PTtPFFJUtPn BMBODPilEKg 
Figure 2 is » block di.6t>» "i > ^y"™ ^' "-P^^K muW-mer signal 
synchromzation in , CDMA sys«m in accordance a preferred embodiment of xhe 
pre«m invenuon. M illnscrated therein, the apparatus includes a plurality of user units 
101- (100+ N) to generate pUot signals using diHeren. PN se«ls. The u«r units 
101-(100+N) aUgn the generat«l pilot signals so as to traismit them within a 
predetenniaed time from a synchroni^tion point of time. Tie system funher indudes 
a CDMA receiver having a matched filter 200 for acquiring synchronization of signals 
transmitted from the plurality ofCDMAtransminerslOl-dOO+N) in oneframe period. 



Ft does so by varying the tap coefficient at a certain iaterv^ in the frame period. Finally, 
the system includes a plurality of demodulators 301-(300+N) to demodulate signals of 
the plurality of tiser units 100- (100 +N) synchronized in the single matched filter 200. 

As illustrated in Figure 3, the matched filter 200 preferably includes a plurality of 
taps 220 for delaying pilot signals transmitted from the pluraJicy of user units 
101- (100 +N) for a period of time, and outputting the same. The matched filter also 
includes a coefficient generator 210 for generating a coefficient corresponding to the PN 
seed used in the pluraUty of user units 101-(100+N). The coefficient generation outputs 
the coefficients at certain mtervals in a frame period. Next, the matched filter 200 
includes apluraUty of multipliers 230- (230 +(K-1)) for multiplying signals outputtedfrom 
the pluraHty of taps 200 by the corresponding one of the plurality of coefficients 
outputted from the coefficient generator 210 at a cenain interval in a frame period. 
Finally, a summer 240 is included for summing the outputs of the plurality of multipHers 
230~(230 + (K-l)) and outputting the summed value as a correlation value. 

The preferred embodiment of the apparatus and method for acquiring multi-user 
signal synchronization in a code division multiple access system will now be described. 

A CDIVIA transmitter for transmitting CDMA signals is provided in both the base 
.station and the mobUe station, and a CDMA receiver for receiving CDMA signals is also 
provided in both the base station and the mobile station. For the purposes of this 
example, the mobUe station transmits CDMA signals, and the base station receives them. 



,01-(100+N),»chgenera.epilo.rign^.pr.fcr.bly u«ns<Uff.r.arPNs«d.. TT.ey„e« 
:dip. tbc generaxed pUo. signd., preferably .m«mir rhem within . certain time 
period from the synchronization point of time. This time period i. preferably defined in 

advance. 

With respect to the time point of alignment of pUot signals, when there are N 
number of user., each user has a different PN seed. When pilot signals are transmitted 

J- PM Med. thev are transmitted in a frame shape. One frame 
using the correspondmg PN seed, tney are 

preferably has the length of M msec. 

The reference point of time having the same length as the frame is referred to as 
synchronization pomt of time. This synchronization point of time is known to both 

CDMA transmitter and CDMA receiver. 

The user units 101-(100+N). however, cannot precisely match the 
synchronization point of ume due to the difference in actual performance of systems 
du.^g the transmission of pUot signals. Theuserunixs thus transmit signals at apoint of 
time deviated from the synchronization point of time. This deviated point of time is 
preferably within L msec from the synchronization point of tim. In other words, each 
of the user units lOl-(lOO.N) must align pUot signals and transmit the same within L 
n.ec from the synchronization point of time. The CDMA receiver receives these pUot 
signals and thereby synchronizes the system. 
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The poin. of aUgmncn. of d>ese pUot signals is preferably withi. -ie range of 
0<L<(Mm.-r).whereTisd.eci=.«k««lo3danofthe»ps220of*e=.rchedfa«r 

received signals. «.e ^r of n.easuren.en. for T is »s«. and T should be sn^aUer 
.Ha.M/Nn^c.Inaddition.Mn.ecis^eperiodofoneframe.Nisrhenun>berofrhe 

CDMA™rters.andMmn.ecisthe«pcoe£acien.«pdaungperiodofthen,arched 

filter 200. 

Thus Che user unirs lOl-(lOO.N). b^g aiffer«.. PN seeds, align pUo. signals 

.Uhu. a cerrain range and rransn.i. che s,n.e. single .arched fUrer 200 induded in 
.heCDMAreceivertheaupda.esd.erapcoeffidenra.acerxaininrervalinafran.eperrod, 

Wac<,uiress^chroni^ionofsignaUeachrransn.«edfron..hepluraHrrofuserun.r^ 

10 1 - (100 + N) in one frame. 

Fi^e 5 is a flow charr showing a »«hod for ac^ multi-user signal 
.^chroni.arioninrhis»archedarer200.Asinus.raredrherein.d.n>«hodincl„des.h. 

sreps of scoring each of rhe PN seeds of rhe pluraHry of user unirs lOl-(lOO.N) and 
.emngrheun>eMm™secrh„isob.ainedbydividingMn«ec,rheleog.hofonefra»e. 

inro N. xha number of user unirs (101-lOO.N) as a rap coefficienr updating ..me. as 
showninsrepsSTUandSTia.Ne„.ccei«dentscorrespo„dingrorhep,uraHr.of scored 

PNseedsaxegeneraceaacdloadedace,chM/Nn«cinarandomorder.assho™mscep 



ST3. 



co^ra^onding d.m=dula.or 301-pOO.N). « showu in STW »d STl.. 
The =.cd.od for acr^. signal sy«hx<.ui..tion in a single n^at^cd 

„,„,OC««ci,edabove wiU no.be de.cHbeaFi.s..pluraUcyo^^Hse=d.e<,uaI^e 

V ini riQO+rsn is stored in a coefficieat updating device 

L --^r-nmi Next, a tap coefficient updating time 
•no ofthe matched filter 200 as aho^nm step STU. M«ct. P 

u • «enST12 The tap coefficient time is the time M/N ins-, and is 
is set, as shown in step S» l i^- -^"^ '•*r 

1 f £^-,rv,« JnfoN the number of user units 
obtained by dividing M msec, .he lengd. of one fr,n«. m.o N, the 

(101- loo+^D■ .. 

^hen Che ,^ch«ai..ion poin. of W begins, the coeffieien. co^espond^g » 
oneof.hepl..aU..of.o«dPN.eedsi.U,aded.l%en..hecoefficien.co„esponding.o 

.o.herPN«.di.,o,deda..hene«M/Nn.-Thi.coefBeienUoading.a.esplacefo. 

.^of.heremainingrN.ed3,ndi.ca.Hedou.ina.andoo.o„ie.and.hecoefa.en. 

..pda.eda.eaehM/Nn.ee.In«Hi.o„..he.i»ingo«^as»ucha..he.in.e.a.enfo. 

loading .u^ be given .0 che PN seed a. each M/N m«c as shown in step ST13. 

Therefor, when a firs, nser aoi — pilot signals, the matched fUter .00 
..hes the signal s^nchroni^ationofthefirstuserlOl. If thePHseed^edb^theuser 

U identical to the first coefficient loaded £roa> the synchronizafon point of t^= « 
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• • - vi,1ue in which the offset from the 
ST14 and ST15. At this time, the posiuon is a value m 

synchrouizaticn point of time is not considered. 

A T«er 102 transmits pilot signals, the matched filter 200 
In addition, when second user lOZtransnu y ^ 

c I. ^«/4«*«102. If the PN seed used by the 
catches ch= sig» J synchromzauon of the «cond «er 102. H 

_d use. .oa U .e..c. . CH. co=ffi.«.. « 'i"' ^ " 

„.p„„ pc..ion in .Kich ..e oH«, fro. ... s,^— poi„ of . 

ji in-j Mwe the offset is the time taken tor 
considered to the corresponding demodulator 302. Itoe. th 
1 .^.tKecotrespondin^coeaoient. in the c«etH« synchronisation Is ..^c 

U,.in.theco^c.entIoadedattheti.= poin.of2M/Nn.e.,Heo«se.atth«t^ 
] .con«sWH«ec. WHens.chroni..tionisea^<h....thecoe«ae.ioaded« 
■•..ti.epoi.tonM/Nn..*eo«seta.t..ttin«.econ.es2M/N-.c.^.,»- 

' ■ ■ ■ ..ucrhtusine the first coefficient loaded from the 

3 position where the synchromzauon IS caught usmgttie I 

5 .,ncHroni.ationpointo.in.,theo«setUnotconsider«d. Xn this »an«r. the user s.^. 
' ,„chron..ed in the sin^e matched fdter 200 is de«odulat«. h. the corresponds^ 

demodulator, 

hroadl. d^cribcd herein, the apparatus and method for ac,uirin, tnuit^-user 

J J- •• .mnltioleaccesssystemihathasmany advantages, 
signalsynchronizationinacodedivisionmultipleaccesssys. 

r.A in a single matched filter to correspond to 
For example, coefficients are generated m a smgle ma 

, ,• f The coefficients are loaded in a random 

different PN seeds used by a plurahty of users. The coettic 



order at each point of the coefficieM upd=tin| itoe in one frame. It is thu. possible to 
acquiresynchxoniz.tioninonefram«witl.respect to multi-user signals mingdifferentPN 

seeds. Moreover, only a single matched filter is required even when the number of user, 
isincreased. Construction of the apparatus is thereby simpUfiedandacquiringmuhi-user 

signal synchronization is achieved within one frame time. 

The foregoing embodiments and advantages are merely exemplary and are no. to 
be construed as Umiting the present mvention. The present teaching can be readUy 
applied to oth.rtypesof.pp.ramses.Thedescrip.ionof.heprese«inventionis intended 

CO be mustrative. and not to limit the scope of the daims. Many alternatives, 
modifications, and variations will be app.r«t to those skilled in the art. In the claims, 
means-plu^function dauses are intended to cover the structures described berem as 
performing the recited function «ld not only stmctural equivalents but also equivalent 



Structures. 
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